To investigate the effects of etomidate, emulsified isoflurane, and their combination with dexmedetomidine on physiological parameters, electrocardiogram (ECG) results, and the quality of induction and recovery during isoflurane maintenance anaesthesia. 5 mixedbreed dogs received each of four treatments: etomidate (E group); emulsified isoflurane (EI group); both dexmedetomidine and etomidate (DE group); or both dexmedetomidine and emulsified isoflurane (DEI group). All drugs were IV injection administered for induction, followed by 1.5 MAC (minimal alveolar concentration) of isoflurane to maintain anaesthesia. Rectal temperature (RT), respiratory rate (RR), heart rate (HR), mean arterial pressure (MAP), and ECG were measured at baseline, 0, 5, 10, 20, 40, and 60 minutes after intubation. The quality of induction and recovery was evaluated for all dogs. All the anaesthetic procedures provided good conditions for induction of anaesthesia. The quality of induction and recovery in the E group was worse than other groups. The decrease of RR in the E and DE groups was stronger than that in the EI and DEI groups. The dogs in the E group had the most significant prolongation of the Q-T interval and changes in the S-T segment. Deviation and extension of the S-T segment were noted in the El group. The dogs in the DE and DEI groups had fewer changes in the ECG results than those in the E and EI groups. The addition of dexmedetomidine caused less effect on cardiopulmonary parameters and the ECG results than either etomidate or emulsified isoflurane alone. Thus, etomidate or emulsified isoflurane in combination with dexmedetomidine may be useful clinically for the induction of anaesthesia.
Introduction
Isoflurane is commonly used as an inhalation anaesthetic in the veterinary clinic; it is considered safe for the cardiovascular system and has little influence on hepatic metabolism [1] . The most prominent adverse effect during isoflurane anaesthesia is respiratory depression, which can result in hypercapnia and acidosis because of decreased respiration rate [2] . Opioids, α-2 agonists, dissociative anaesthetics, and diazepam were used in dogs as a single drug treatment a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 30~60 minutes before pre-medication. The body weight and baseline parameters of each dog were measured. 5 Dogs received each of four treatments, with at least 2 weeks washout time before the next treatment The treatment groups were: E group, etomidate (3 mg/kg, Jiangsu Nhua Pharm Group Co., Ltd.); EI group, emulsified isoflurane (1 mL/kg); DE group, dexmedetomidine (3 μg/kg, Pfizer Pharmaceutical Co., Ltd, NY, USA); and etomidate (2 mg/kg); DEI group, dexmedetomidine (3 μg/kg) and emulsified isoflurane (0.5 mL/kg) [20] [21] [22] [23] . In DE and DEI groups, dexmedetomidine was administered IV at least 3 minutes prior to induction of anaesthesia.
A bolus dose of atropine (0.04 mg/kg; Wuhu Kangqi Pharmaceutical Co., Ltd.) was intramuscular (IM) administered at 15 minutes prior to induction in all dogs. Induced anaesthetic was IV administered in 10 seconds. In the DE and DEI groups, dexmedetomidine was administered IV at least 3 minutes prior to induction of anaesthesia. All dogs were positioned in the right lateral position. After tracheal intubation, a standard circle anaesthetic system (Stinger Streamline Small Animal, Datex Ohmeda Isotec 5, AAS) was used. During the experiment, anesthetized animals were breathing spontaneously using the circle system (VIC), which used low-flow inhalation anesthesia. The dogs were administered isoflurane (1.5 MAC) and oxygen (30 mL/kg /min) to maintain 60 minutes of anaesthesia.
Noninvasive arterial blood pressure (6.5 cm width cuff placed on the thoracic limb above the carpus), rectal temperature (RT), haemoglobin oxygen saturation (SpO2) and heart rate (HR) were monitored using a multi-parameter physiological monitor (Datex-Ohmeda S/5; Datex-Ohmeda Division Instrumentarium Corp., Finland). The systolic, diastolic, and mean arterial blood pressures (SAP, DAP, and MAP, respectively) were measured at every time point. The respiratory rate (RR) was recorded by counting chest movements. All dogs were subjected to standard 6-lead electrocardiograms, and The ECG device (ECG-3306G) were recorded at a paper speed of 25 mm/sec with an amplitude of 1 mV/cm. Hair was clipped from the areas of electrode attachment and the skin was covered with gel and then crocodile electrodes were situated almost above knee joint in the hind legs and elbow joint in the front legs. ECGs were recorded with I, II, III, aVR, aVL and AVF derivations. Measurements of the amplitude (mV) of P, R and T waves, and the durations (ms) of P and T waves, P-R, Q-T, and QRS intervals were performed in lead II. 3 cardiac complexes were the measurements averaged at each time point. The data were obtained at baseline and 0 (Immediately after intubation), 5, 10, 20, 40 , and 60 minutes after intubation.
A single observer unaware of group allocation assessed and noted the scale. The quality of induction and recovery was scored using a standardized scale (S1 and S2 Tables) [24, 25] . Details of any abnormal behaviour or adverse reactions such as ataxia, vocalizations, and convulsions among others were recorded. An assistant recorded the time to extubation, palpebral reflex recovery, raising the head, and standing up.
Statistical analysis
All variables were compared to the baseline and among the groups. All data were presented as mean ± standard deviation (SD). Statistical analyses were performed with SPSS software. The differences among groups were determined with one-way analysis of variance (ANOVA, Dunnet's T3). Statistical differences were considered significant at P < 0.05.
Results
Good induction results were observed in all the 4 groups. There were no significant differences in sedation, intubation scores, and time to palpebral reflex recovery ( Table 1 ).
The quality of induction and recovery in the E group was worse than that in the other groups. Individual dogs in the E group exhibited muscle spasms and laryngeal reflex during induction and showed excitement or paddling during recovery. The time of induction anaesthesia in the EI group was significantly longer than that in the other groups (P<0.05). The time of extubation and the time to raise the head was significantly longer in the DE group than in the E, EI, and DEI groups (P<0.05). The dogs in EI and DEI groups had a shorter time to stand up than those in the E and DE groups (P<0.05).
The SpO 2 values did not show a significant change in any group during the 60 minutes of isoflurane maintenance anaesthesia. The RT in the 4 groups decreased with the prolongation of anaesthesia time. The HR in the E and EI groups increased by 0 to 10 minutes more than that in the DE and DEI groups, and this difference was significant (P<0.05). The 4 induction treatments significantly reduced the RR, and the DE group showed the strongest reduction (P<0.05). The SAP, DAP, and MAP in all groups decreased during isoflurane maintenance anaesthesia. However, SAP, DAP, and MAP in the DE and DEI groups increased during 0 to 5 minutes of intubation. There were significant differences in SAP, DAP, MAP, RT, and RR in all groups in 40 to 60 minutes of intubation when compared with that at the baseline. (P<0.05) ( Table 2) . Table 3 shows the changes in the ECG results. The P-wave duration slightly increased in the EI group, while the P-wave amplitude increased in the E and DE groups and did not change in the DEI group between 0 and 10 minutes during isoflurane maintenance anaesthesia (P > 0.05). The duration of the QRS complex in the E group significantly decreased compared with the baseline (P < 0.05).
The duration of the QRS complex in other groups also decreased but less than in the E group. The R-wave amplitude did not change when compared with the baseline in all groups (P > 0.05). The duration and amplitude of the T-wave increased in all groups when compared with the baseline and increased significantly in the E and DE groups (P <0.05). The P-R interval in the E group was significantly shorter between 5 and 10 minutes. The 4 types of treatment caused a prolongation of the Q-T interval, which was most significant in the E group. An S-T segment depression or deviation was found in the E group. One dog in the EI group had an abnormal S-T segment change during anaesthesia. The values are presented as mean ± standard deviation. a Significantly different from E group (P<0.05).
The E group had significant sinus tachycardia after the induction of anaesthesia. In the DE group, only 1 dog exhibited first degree atrioventricular block during 0 to 5 min. There was sinus arrhythmia in the DEI group during 0 to 5 minutes (Fig 1) .
Discussion
In this study, 4 types of induction methods provided good induction effects with fast onset of action and few adverse reactions. All the treatments ensured the smooth progress of endotracheal intubation. The results were similar to those obtained in other studies using etomidate and EI [16, 26] .
Etomidate administration result in myoclonus, excitement or paddling during recovery, and post-operative agitation. It has been proposed that myoclonus after etomidate administration occurs due to subcortical disinhibition [12, 27] . Some drugs such as midazolam, fentanyl, and dexmedetomidine have been recommended to reduce the incidence of myoclonus after etomidate administration [28] . In the present study, we did not observe obvious adverse reactions in dogs of the DE and DEI groups. The dogs in the EI and DEI groups had a shorter time to stand up than those in the E and DE groups. EI intravenous infusion is mainly eliminated through the lungs [16] . Etomidate is primarily metabolized by esterase in the liver, and about 75% of the injected etomidate is The values are presented as mean ± standard deviation. Time points: baseline, 0, 5, 10, 20, 40, and 60 minutes after maintenance anaesthesia. � Significantly different from the baseline within the group (P < 0.05).
excreted in urine, 10% in bile, and 13% in faeces [29] . In our study treatments, EI allowed an earlier standing-up time than etomidate. DE and E groups had a long standing-up time, which was more likely to be superposed with the 1.5 MAC isoflurane maintenance and finally led to more severe respiratory suppression. And respiratory depression delayed the elimination of isoflurane and stand-up time. The results showed that etomidate and dexmedetomidine administration produced a slower metabolic rate than EI. The blood pressure increased during 0 to 5 minutes in dogs of the DE and DEI groups. Some studies reported that isoflurane anaesthesia leads to hypotension [30] , and EI reduces blood pressure [31] . Therefore, the increase in blood pressure in this study was a result of dexmedetomidine administration, which is accordance with a report that the addition of dexmedetomidine during isoflurane anaesthesia increased MAP, SAP, and DAP [32] .
In this study, significant increase in HR was found in dogs of the E and EI groups, except DE and DEI groups. This is due to the administration of dexmedetomidine causing ). C: After 5 minutes of isoflurane anaesthesia, the EI group had S-T segment changes. D: After 5 minutes of isoflurane anaesthesia, the DE group had prolongation of the P-R interval and firstdegree A-V block. E: After 5 minutes of isoflurane anaesthesia, the DEI group had sinus arrhythmia and the R-wave amplitude increased.
https://doi.org/10.1371/journal.pone.0208625.g001 vasoconstriction in the pulmonary and systemic circulation and thereby decreasing HR [32] , which reduced the effects of EI and etomidate. The 4 anaesthesia combination treatments demonstrated significant respiratory depression. This inhibitory effect was the most significant in the DE group, which might be because the combination of 2 drugs increased the inhibitory effect.
Electrocardiogram studies have been used to examine the effect of endotracheal intubation on ECG patterns during halothane anaesthesia since 1962 [33] . The ECG not only helps to diagnose myocardial infarction but also provides information on infarct location, reperfusion situation, and prognosis [34] . In the present study, T-wave amplitude and duration increased in the 4 groups. The T-wave morphology is variable in dogs, and the T-wave changes are very limited for the clinical diagnosis of dogs when compared with that in humans [35] . Etomidate administration led to a significant prolongation of the Q-T interval, and the S-T segment deviation or depression. Emulsified isoflurane administration caused extension of the S-T segment. The S-T segment changes occurred in all treatments during isoflurane anaesthesia. Sprung et al studied isoflurane anaesthesia and found that it induced S-T changes and ECG changes consistent with myocardial ischemia [36] . Tatekawa et al showed that maintaining the mean arterial pressure at 80 mmHg was sufficient to prevent myocardial ischemic changes in dogs [37] . In our study, the MAP in the E and EI groups frequently decreased below 80 mmHg. After a combination of dexmedetomidine with etomidate or EI induction, the negative impact on MAP and ECG reduced during isoflurane maintenance anaesthesia.
One dog in the DE group developed first-degree arterio-venous (A-V) block during anaesthesia, and the DEI group showed slight sinus arrhythmia on the ECG. Previous studies have reported that the administration of dexmedetomidine as a pre-anaesthetic agent causes cardiac arrest [5] . The initial use of antimuscarinic drugs can prevent bradycardia arrhythmia associated with α-2 agonists [38] . In the present study, a clinically low dose of dexmedetomidine (3 μg/kg) was only related to single A-V block or arrhythmia, and no bradycardia or cardiac arrest developed.
Conclusions
In this study, all administered drugs demonstrated good anaesthetic effects. Dexmedetomidine decreased the use of etomidate or EI needed for induction. During isoflurane maintenance anaesthesia, the S-T segment changes suggested the occurrence of myocardial ischemia. Combined administration of dexmedetomidine with etomidate or EI had less influence on the circulation, respiratory system, and ECG than the use of the either agents alone. The combination of etomidate or EI with dexmedetomidine may represent a useful protocol for veterinary clinical application in dogs. 
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